Prostate cancer screening currently consists of serum prostatespecific antigen and digital rectal examination, followed by transrectal ultrasound-guided biopsy for diagnostic confirmation. Although the current paradigm of prostate cancer screening has led to a decrease in advanced disease and cancer-related mortality, these techniques have limitations in terms of sensitivity and specificity, resulting in missed cancers that are clinically significant and the overdetection of clinically insignificant cancers. New imaging techniques and technologies are required to improve the detection of prostate cancer. This article summarizes the use of novel ultrasound techniques and technologies in the detection, biopsy, and treatment of prostate cancer.
Pr ostate cancer is the second most common cancer worldwide, with approximately 180,000 new cases diagnosed and 26,000 cancerrelated deaths projected in the United States in 2016 (1) . With the introduction of prostate-specific antigen (PSA) screening in the late 1980s, the known incidence of prostate cancer has increased substantially because of earlier detection in asymptomatic men, peaking in 1992 (2) . The risk factors for developing prostate cancer include age, ethnicity, genetics, and dietary factors. Prostate cancer is a disease of older men, rarely diagnosed before the age of 50 years, with the incidence increasing exponentially after that age (3) . African-Americans have a 1.5 times greater incidence of prostate cancer than whites and a more advanced stage of disease at the time of diagnosis (4) .
Many factors affect prostate cancer survival, especially the disease extent at the time of diagnosis. Early detection and treatment are vital if a cure or improved patient survival is desired. Currently, serum PSA and digital rectal examination are used for screening. If either study is abnormal, transrectal ultrasound (TRUS)-guided biopsy is performed for diagnostic confirmation. Although the current paradigm of prostate cancer screening has led to a decrease in advanced disease and cancer-related mortality, these techniques have limitations in terms of sensitivity and specificity, resulting in missed cancers that are clinically significant and the overdetection of clinically insignificant cancers. Overdetection leads to the overtreatment of prostate cancer and in the process exposes patients to unnecessary side effects related to treatment (5) (6) (7) . A clinically significant cancer has been defined as a tumor with a volume greater than 0.5 cm 3 and a Gleason score of 7 or greater.
Because of the limitations in current screening tests, new techniques and technologies are needed to improve the detection of clinically significant prostate cancer while at the same time limiting the overdetection of clinically insignificant cancer. In this article, we review the use of new ultrasound techniques, including contrastenhanced ultrasound (CEUS) and ultrasound elastography, in the imaging of prostate cancer. We also review the role of ultrasound in the biopsy and locoregional treatment of prostate cancer.
GRAY-SCALE ULTRASOUND
Gray-scale TRUS, a cost-effective and readily available imaging modality, is the most commonly used radiologic study for the evaluation of the prostate gland. The use of TRUS in the detection of prostate cancer has limited diagnostic accuracy. Most prostate cancers (60%-80%) are hypoechoic on TRUS, whereas 30%-40% of prostate cancers are isoechoic, and approximately 1.5% are hyperechoic ( Fig. 1) (8) . Among ultrasound-evident lesions, only 17%-57% are malignant. Benign entities, such as prostatitis, atrophy, infarction, and benign prostatic hypertrophy, may be hypoechoic on TRUS. The sensitivity and specificity of TRUS are limited, ranging between 40% and 50% for detecting prostate cancer. Lesions on TRUS are better visualized in the peripheral zone than in the transitional zone because of the heterogeneous pattern of the latter (9) . Additional findings on TRUS that may suggest, but are not specific for, underlying malignancy include bulging or irregularity of the prostatic capsule and asymmetry of the prostate gland in terms of morphology and echogenicity (10) .
The use of TRUS for local staging of prostate cancer is inadequate. The diagnostic accuracy of TRUS to evaluate extracapsular extension ranges from 37% to 85% and depends on clinician experience in performing and interpreting the study. TRUS findings that suggest extracapsular extension include capsular bulge or irregularity adjacent to a visible lesion and hypoechoic periprostatic fat stranding (11) . Increased tumor contact (length .23 mm) with the prostatic capsule is associated with a higher probability of extracapsular extension (12) .
COLOR AND POWER DOPPLER ULTRASOUND
The principle behind the use of color Doppler ultrasound (CDUS) and power Doppler ultrasound (PDUS) in the evaluation of prostate cancer is the detection of increased perfusion compared with surrounding prostate tissue related to tumor neovascularity. Three different flow patterns-diffuse flow within, focal flow within, and surrounding flow-have been found to be associated with prostate cancer on CDUS, with diffuse flow being the most common pattern. The combination of CDUS and gray-scale ultrasound has been shown to detect a greater number of prostate cancers than gray-scale ultrasound alone, with higher specificity and positive predictive value (13, 14) . CDUS is especially useful in detecting isoechoic prostate cancers that demonstrate increased vascularity. Despite improved prostate cancer detection, CDUS has limited diagnostic accuracy because a substantial number of cancers are still missed, and it has relatively low specificity because not all tumors are hypervascular and not all hypervascular lesions are malignant (15, 16) .
PDUS is more sensitive than CDUS in detecting flow, especially slow flow ( Figs. 2A-2C ). However, PDUS has not been shown to have increased benefit over CDUS for detecting prostate cancer. Studies suggest that on CDUS and PDUS, hypervascular and hypovascular lesions are associated with higher and lower Gleason scores, respectively (Fig. 1B) (17, 18) .
CEUS
CEUS is an ultrasound technique that uses intravenously injected gas-filled microbubbles as a contrast agent to provide microvascular and tissue perfusion information. The microbubbles are encapsulated in a lipid or surfactant shell and have a diameter of 1-10 mm, which is smaller than the size of a red blood cell, enabling them to penetrate into capillary beds. CEUS is better at evaluating microvascularity than CDUS, which is limited by its ability to detect flow only in vessels larger than 1 mm in diameter. Unlike CT or MRI contrast, ultrasound contrast is an ideal agent for evaluating perfusion because it is a pure blood pool agent and does not diffuse into the surrounding tissue, which would obscure the microvasculature (19) . Using various ultrasound techniques, most commonly pulse inversion or harmonic imaging, and using a low mechanical index to avoid destroying bubbles in a single pulse and thus allow longer periods of interrogation, nonlinear reflectors such as microbubbles are preferentially detected by ultrasound over linear reflectors such as normal tissue, allowing evaluation of the vasculature (20) .
The growth of prostate cancer induces neovascularization; as a result, prostate cancer is associated with increased microvessel density (21) , which has been shown to be a prognostic marker of prostate cancer (22, 23) . The role of CEUS in prostate cancer imaging is to detect these microvessels. Sedelaar et al. (24) found that prostate cancer with increased microvessel density enhanced more on CEUS than did the corresponding normal contralateral side. On CEUS, findings suggestive of prostate cancer include focal rapid increased contrast enhancement and asymmetric prostate vascularity (Figs. 2D and 2F) (25) . Studies have shown that CEUS is better than gray-scale ultrasound for detecting prostate cancer (26) (27) (28) . In a metaanalysis that included 16 studies and 2,624 patients, Li et al. (29) found that CEUS had a pooled sensitivity and specificity of 70% and 74%, respectively, for the detection of prostate cancer.
CEUS provides not only qualitative information but also quantitative information. Time-intensity curves can be generated in regard to a region of interest, which can be used to quantify enhancement parameters such as bolus arrival time, time to peak intensity, area under the curve, and wash-in and washout curves (30) . Goossen et al. (31) found that time to peak intensity was the enhancement parameter with the greatest diagnostic accuracy, detecting 78% of cancers. Zhu et al. (32) found that higher-grade prostate cancers had a shorter bolus arrival time and time to peak intensity and a higher overall peak intensity.
ULTRASOUND ELASTOGRAPHY
Most prostate cancers are known to be harder and less elastic than normal prostate tissue, which allows them to be detected on digital rectal examination. This stiffening is secondary to increased cellular density, decreased glandular tissue architecture, and increased collagen deposition in the stroma surrounding the tumor (33) . The basis of ultrasound elastography is the detection of the elastic difference between prostate cancers and surrounding prostatic tissue. The two types of ultrasound elastography are strain, or quasistatic, elastography (SE) and ShearWave (Aixplorer) Elastography (SWE; Aixplorer).
In SE, cyclical mechanical compressions and decompressions of the prostate gland are performed using a TRUS probe. An inflated balloon filled with water may be placed between the probe and the rectal wall to achieve more uniform compression. The difference in tissue displacement from one frame to another is used to generate an elastogram, which is a color map of local tissue strain (34) . In a metaanalysis by Aboumarzouk et al. (35) , the sensitivity and specificity of SE were in the range of 71%-82% and 60%-95%, respectively, with radical prostatectomy specimens as the reference standard. A more recent metaanalysis by Zhang et al. (36) comparing SE with radical prostatectomy specimens reported a pooled sensitivity of 72% and specificity of 76%. Benign conditions such as prostatitis, fibrosis, and atrophy may demonstrate decreased elasticity, resulting in false-positive results. The diagnostic accuracy of SE in detecting prostate cancer has been shown to be proportional to both tumor size and Gleason grade (37) . SE is considerably operator-dependent because of subjectivity related to color map interpretation and difference in degree of free-hand cyclic compression between users. The quantification of tissue elasticity is not possible with SE because the color map is automatically scaled to the softest and stiffest regions in the imaged field (38) .
Unlike SE, SWE does not require manual compression and decompression of the prostate gland, thus eliminating operator dependency. In SWE, an acoustic radiation force is generated by a focused ultrasound beam, resulting in a shear wave that propagates through the interrogated tissue. Stiffness can be measured on the basis of the velocity at which the waves propagate through the tissue, with faster velocities through harder tissue (39) . The SWE (in m/s) can be used to calculate Young's modulus (in kPa), a measure of tissue stiffness, and can then be expressed as a quantitative elasticity color map. SWE is a relatively novel technique with a limited amount of data available for it. Correas et al. (40) , in a study of 184 men correlating with 12-core sextant biopsy, found a sensitivity, specificity, positive predictive value, and negative predictive value of 96%, 85%, 48%, and 99%, respectively, using a cutoff of 35 kPa. Using a threshold of 50 kPa and correlating with whole-mount sections, Boehm et al. (41) reported a sensitivity, specificity, positive predictive value, and negative predictive value of 81%, 69%, 67%, and 82%, respectively, in a study of 60 patients. In a study correlating SWE with 12-core biopsy and SWE-guided targeted biopsy in 50 men, Ahmad et al. (42) reported a sensitivity and specificity of 90% and 88%, respectively, in patients with a PSA of less than 20 mg/L and a sensitivity and specificity of 93% and 93%, respectively, in patients with a PSA greater than 20 mg/L. Those authors also found a relationship between Young's modulus and increasing Gleason score. Unlike other studies, the estimated stiffness values of malignant tissue were significantly greater than those of benign tissue (134 kPa vs. 75 kPa, respectively). Contrary to other published data, in a recent study of 73 patients by Porsch et al. (43) that correlated with 12-core biopsy, SWE was found to be a poor predictor of malignancy, regardless of Young's modulus cutoff. However, it was fairly reliable in distinguishing between lesions with a Gleason score of 6 or less and lesions with a Gleason score greater than 6 using a cutoff of 80 kPa.
Ultrasound elastography is limited in its evaluation of prostate cancers in the central and transitional zones and anterior prostate because of the increased heterogeneity and hardness in these regions and resultant signal attenuation.
THE ROLE OF ULTRASOUND IN PROSTATE BIOPSY
Prostate biopsy is usually indicated when one or more of the following factors exist: elevated PSA, rising PSA, abnormal findings on digital rectal examination, and prior biopsies demonstrating atypical small acinar neoplasia. Because of the low sensitivity and specificity of TRUS for the detection of prostate cancer, TRUS-guided targeted biopsy has limited value. However, because of its ability to clearly delineate prostate zonal anatomy, its ease of use, and its real-time capabilities, TRUS is the most commonly used modality for guiding systematic prostate biopsy. In 1989, Hodge et al. (44) introduced the use of TRUS to guide sextant biopsy of the prostate gland, which involves sampling of the parasagittal apex, midzone, and base of the right and left sides of the prostate gland. However, the sextant biopsy strategy has since been superseded by extended 10-to 12-core biopsy protocols, which involve performing the standard sextant biopsy plus additional biopsies of the far lateral and apical zones. Extended 10-to 12-core biopsy protocols increase cancer detection rates up to 30%, increase negative predictive value, have a more accurate tumor grade concordance with radical prostatectomy, and do not increase the likelihood of detecting insignificant cancers (45) . However, increasing the biopsy cores to more than 12 samples has not been shown to significantly increase cancer detection rates or negative predictive value but may increase the detection of insignificant cancers (46) .
Several studies have compared CEUS-and ultrasound elastographytargeted biopsies with systematic biopsy protocols. Initial studies were promising, some of which suggested that targeted biopsies using these novel ultrasound techniques had superior cancer detection rates and required fewer than half the number of cores required by systematic biopsy protocols. However, in a systematic literature review by van Hove et al. (47) , no clear conclusion can be reached about the superiority or inferiority of ultrasound-targeted biopsies compared with systematic biopsies because of the large number of contradictory studies. However, in almost all studies, targeted biopsies combined with systematic biopsies had greater cancer detection rates, sometimes substantially greater, than systematic biopsies alone. Absolute cancer detection rates increased 2%-8% and 7%-15%, respectively, when CEUS-and ultrasound elastography-targeted biopsies were combined with systematic biopsies.
MRI-ultrasound fusion is another novel imaging technique that is being used to guide prostate biopsy. The sensitivity and specificity of multiparametric MRI for the detection of prostate cancer are 88% and 74%, respectively (48) . Despite the relatively high sensitivity and specificity of multiparametric MRI, MRI-guided biopsy of the prostate is not widely used because of its limitations of time and cost. MRI-ultrasound fusion resolves this issue by combining the diagnostic advantages of MRI with the cost-effectiveness and ease of use of ultrasound. In MRI-ultrasound fusion biopsy of the prostate gland, multiparametric MRI of the prostate is obtained before the biopsy (Fig. 3 ). The MR images are then coregistered with real-time TRUS either cognitively or using commercially marketed MRI-ultrasound fusion platforms. Systematic biopsies and targeted biopsies of MRI-suspected lesions are performed. MRI-ultrasound fusion-guided biopsy has been shown to detect more clinically significant prostate cancers than systematic biopsies alone. In a metaanalysis that included 15 studies and 2,293 patients, Valerio et al. (49) found that, using fewer cores (median, 9.2 vs. 37.1), MRI-ultrasound fusion-guided biopsy detected more clinically significant cancers (median, 33% vs. 24%) than systematic biopsy did.
THE ROLE OF ULTRASOUND IN THE TREATMENT OF PROSTATE CANCER
Traditional treatment options for clinically localized prostate cancer include radical prostatectomy, external beam radiation, brachytherapy, and active surveillance (Fig. 4) . Two additional treatment options for clinically localized prostate cancer are cryoablation and high-intensity focused ultrasound (HIFU).
Cryoablation is a thermoablation technique that achieves cellular destruction by rapid cycles of freezing and thawing, resulting in coagulative necrosis. Under TRUS guidance, argon-based probes are advanced into the prostate gland via a transperineal approach. Pressurized argon gas is used to freeze the probe tip, which can reach temperatures as low as 2187°C. The probe tip can then be rapidly thawed by exchanging pressurized helium into the probe, rapidly reheating the tip to 67°C. Achieving complete cell destruction requires temperatures lower than 240°C (50). In a literature review, Marien et al. (51) reported that focal therapy of prostate cancer with cryoablation had a biopsy-free recurrence rate of 60%-94%. Posttreatment complications included erectile dysfunction (15%-40%) and incontinence (1%-10%).
In HIFU, high-intensity ultrasonic energy is focused on a fixed target. The deposition of a large amount of energy in a focused area results in cellular disruption and coagulative necrosis via two mechanisms, thermal effect and cavitation. The thermal effect results from the absorption of high energy by the targeted tissue and the conversion of that energy into heat, achieving temperatures between 65°C and 100°C. Cavitation results from oscillation and subsequent violent collapse and energy dispersion of microbubbles in the targeted tissue because of their interaction with the ultrasonic energy (52) . HIFU allows precise treatment of targeted areas without injury to surrounding soft tissue. Transrectal HIFU is used in the treatment of localized prostate cancer with MRI or ultrasound guidance (Figs. 2D-2H) . In a study of 1,002 patients who underwent whole-gland ablation of localized prostate cancer, Crouzet et al. (53) found that the 8-y biochemical-free survival rates were 76%, 63%, and 57%, respectively, for low-, intermediate-, and high-risk patients. The prostate cancer-specific survival rate FIGURE 3. Same 71-y-old man as in Figure 1 . Within peripheral zone, prebiopsy multiparametric MRI demonstrates areas of restricted diffusion on apparent diffusion coefficient map (A), areas of decreased signal intensity on T2-weighted image (B), and areas of increased perfusion on dynamic contrast-enhanced image (C). MRI/TRUS coregistered targeted biopsy was performed. Lesion on left (arrowhead) was seen on TRUS; targeted biopsy showed Gleason score of 7-9. Lesion on right (arrow) was not seen on TRUS; targeted biopsy showed Gleason score of 7.
FIGURE 4. Novel TRUS technique for active surveillance (56) . Single image from third-look follow-up 3-dimensional TRUS biopsy for active surveillance demonstrates 3-dimensional mapping biopsy trajectories using Urostation (Koelis) system. Blue bars represent location of cores from first biopsy. Green bars represent location of cores from current biopsy. Before firing actual TRUS-guided biopsy needle, virtual 3-dimensional-simulated biopsy trajectory is created and superimposed on fusion image to confirm trajectory accuracy. Spatially trajectoryrecorded prostate biopsies allow accurate localization of areas of prior prostate cancer.
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THE and metastasis-free survival rate at 10 y were 97% and 94%, respectively. In a 14-y study of 538 patients, Ganzer et al. (54) found that the 5-and 10-y biochemical-free survival rates in patients who underwent HIFU treatment were 81% and 61%, respectively, and concluded that HIFU may be a safe and effective treatment for localized prostate cancer in patients of advanced age and low-to-moderate risk and having a life expectancy of about 10 y. Adverse effects included bladder outlet obstruction (28.3%); grades I, II, and III stress urinary incontinence (13.8%, 2.4%, and 0.7%, respectively); and rectourethral fistula (0.7%). In a more recent study of 918 patients, Uchida et al. (55) found that the 10-y overall and cancerspecific survival rates of patients who underwent HIFU treatment of localized prostate cancer were 89.6% and 97.4%, respectively. Adverse effects of HIFU treatment included urethral stricture (19.7%), epididymitis (6.2%), urinary incontinence (2.3%), and rectourethral fistula (0.1%).
The data on cryoablation and HIFU in the treatment of clinically localized prostate cancer are promising. More comprehensive research is currently under way to better characterize cryoablation and HIFU as options for the treatment of prostate cancer.
CONCLUSION
Ultrasound technology has undergone remarkable advances in recent years in terms of prostate cancer detection, biopsy, and localized treatment. In terms of prostate cancer detection, both CEUS and ultrasound elastography have better diagnostic accuracy than traditional TRUS, CDUS, and PDUS. In terms of prostate biopsy, although cancer detection rates for these procedures have not been shown to be sufficient to preclude systematic biopsy, novel ultrasound-guided techniques have been shown to improve the detection rate of prostate cancer when combined with systematic biopsy, while decreasing the number of biopsies required. In terms of localized treatment, both cryoablation and HIFU have shown promise in the treatment of localized prostate cancer. However, more studies on CEUS and ultrasound elastography must be performed, especially comparing them to multiparametric MRI in the detection and targeted biopsy of prostate cancer. Additional studies evaluating the clinical utility and treatment morbidity of cryoablation and HIFU are ongoing to better characterize the role of these novel ultrasound techniques in the treatment of prostate cancer.
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